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Abstract
Background: Mechanical insufflator/exsufflator has been introduced in relevant fields during the recent decades and provides
intermittent negative and positive pressures to simulate an effective cough in patients. The current study attempted to assess the
effectiveness of mechanical insufflator/exsufflator in secretion evacuation from patients’ airways in an ICU setting.
Methods: Through a randomized clinical trial study at a university referral center for pulmonary diseases, patients with neuromuscular disorders causing face sputum discharge problems, were recruited. Patients with chest tube and positive cases for human immunodeficiency virus (HIV) in addition to people with predisposing problems, who confounded the study, were excluded.
Physical examination and the consequent findings, such as chest auscultation, peak cough flow, the color of sputum, and patient’s
general condition were recorded before dividing the participants to two groups of cases and controls. The control group only experienced traditional techniques of physiotherapy, such as respiratory exercises, chest massage and percussion against the other
group, who used mechanical insufflator/exsufflator under the brand “Cough Assist ®” in coping mode (SYNC) beside the mentioned
traditional methods, available for the controls. Visual analog scale (VAS) was used for the two former items with scores between 0
and 10, considering higher scores for more critical or worse conditions.
Results: In total, the 40 cases enrolled in the trial were divided to 20 cases and 20 controls. The mean age ± standard deviation
was 32.3 ± 4 years in controls and 31.8 ± 3.4 years in others. The results showed statistically significant differences between the
groups. Heart rate, O2 saturation, and Ptcco2 (transcutaneous carbon dioxide tension) were the only parameters, which were not
different comparing cases and controls. Chest auscultation and sputum growth had the most improvement in cases. Concerning
the peak cough flow, an absolute rise was found in mechanical insufflator/exsufflator when compared with traditional methods (43
cmH2 O in cases versus 8 cmH2 O in controls). Sputum transparence was the other parameter, which differed absolutely after using
the machine in the case group (56% versus 44% in controls).
Conclusions: To conclude, MIE deserves greater focus in a wide area to assist patients with impaired cough expectorate and their
secretions using a device with no serious complications like barotrauma, pneumothorax, cardiovascular consequences or even postoperative wound dehiscence in relevant surgery cases.
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1. Background
Ineffective cough is simply one of the causative factors of morbidity and mortality in individuals with neuromuscular diseases (1). A normal cough needs the person to breath up to 85% to 90% of chest total capacity before fast closure of the gloat in only 0.02 seconds. Opening the gloat beside the contraction of abdominal and intercostal muscles (expiratory muscles) increases pleural
pressure up to 190 cmH2 O to provide an expiratory flow

equal to 360 to 1200 m/s (2-7). The absence of normal effective cough is a common problem in people with weak
inhale/exhale muscles, such as neuromuscular genetic disorders, consciousness issues and primary pulmonary conditions, such as bronchiectasis and cystic fibrosis (8, 9). A
range of activities are usually employed for effective sputum discharge from special breathing techniques to chest
advanced physiotherapy (10-12) while mechanical insufflator/exsufflator has been introduced in relevant fields during the recent decades, and provides intermittent nega-
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tive and positive pressures to simulate an effective cough
in patients. This machine has been assessed by a handful
of studies, such as Chatwin’s, which was done on patients
with neuromuscular disorders and/or COPD (13-15) whilst
the attempts by Kendrick et al. assessed the effectiveness of
the device on patients with CF (16). Beck and Barach (1953
to 1954) showed clinical and radiographic improvement in
90% of patients, including cases of respiratory infection,
other respiratory problems and neuromuscular or skeletal
diseases with no barotrauma or pneumothorax as complications (17-19). Mechanical insufflator/exsufflator provides
a positive pressure for breathing with the optimal capacity
of lungs before a swift switch to negative pressure in upper respiratory tree in order to mimic a normal cough in
patients to clean the airways from secretions.
The current study attempted to assess the effectiveness
of mechanical insufflator/exsufflator in secretion evacuation from patients’ airways at the ICU, where it is highly vital for individuals to have a clean respiratory tract.
2. Methods
Through a randomized clinical trial study at a university referral center for pulmonary diseases, the researchers
recruited patients with neuromuscular disorders, consciousness disturbance or any disease, which caused individuals face sputum discharge problems, such as CF,
bronchiectasis or suppressed immune system. All the patients were admitted to the ICU based on physician administrations. Patients with chest tube and positive cases
for HIV in addition to people with predisposing problems,
who confounded the study, were excluded. Physical examination and the consequent findings, such as chest auscultation, peak cough flow, the color of sputum, patient’s
general condition as well as chest radiology findings were
recorded before dividing participants to two groups of
cases and controls. In the control group, patients experienced only traditional techniques of physiotherapy, such
as respiratory exercises, chest massage, and percussion
against the other group, who used mechanical insufflator/exsufflator under the brand “Cough Assist ®” in coping mode (SYNC) beside the mentioned traditional ways,
received by the controls. The study had a single physiotherapist to manage and run all the physiotherapy sessions for
both groups and the amount of sputum, difficulty of sputum discharge, color of the sputum, and chest auscultation findings were recorded in each session. The VAS was
used for the two former items with scores between 0 and
10, considering higher scores for more critical or worse
conditions. Physiotherapy was done for 10 sessions and the
results were gathered in special questionnaires before the
analysis.
2

2.1. Statistics
Patients in both groups were evaluated for radiographic findings, peak cough flow, and the changes as well
as clinical findings before and after the application of the
machine, and the data were entered in the relevant software to be analyzed and compared considering CI = 95%,
type one error (α = 0.05), and significance (P value = 0.05).
Qualitative data used the Chi-square test, and the normality of data was checked by the Kolmogorov-Smirnov test
in addition to boxplots. “Repeated Measures Analysis of
Variance (ANOVA)” was applied in terms of comparison between quantitative variables in consecutive times. All the
tests were done in a two-tailed model. The sample size was
calculated as 20 for each group, regarding the above parameters to achieve 0.8 power for the study.

3. Results
In total, 40 individuals were enrolled in the trial and
were divided to 20 cases and 20 controls. The mean age ±
standard deviation was 32.3 ± 4 years in controls and 31.8
± 3.4 years in the others. Males made up 75% of patients
in each group and regarding Table 1, no significant difference was seen in this regard. Educational degrees and living area were also recorded yet no difference was found.
However, 78% and 80% of patients were urban residents in
control and case groups, respectively. The COPD was presented at 25% proportion in each group. Table 2 presents
a wide spectrum of parameters for both groups, among
which seven showed differences statistically between the
groups. Heart rate, O2 saturation, and Ptcco2 (transcutaneous carbon dioxide tension) were the only parameters,
which were not different comparing cases and controls.
This study focused on changes of parameters after 10 sessions of physiotherapy in both groups instead of comparison between the net crude values as seen in Table 2. The difficulty in sputum discharge as well as secretion reduction
showed the most pronounced changes in the case group
when compared with the values before and after 10 sessions. The parameters with the most improvement in cases
were chest auscultation and sputum growth. Figure 1 illustrates the diagram of auscultation change scores, which
were lower after 10 sessions along with more decrease in
cases (0.8 versus 0.6 in controls). Concerning the peak
cough flow, the diagram presented in Figure 2 endorses an
absolute rise by mechanical insufflator/exsufflator when
compared with traditional methods (43 cmH2 O in cases
versus 8 cmH2 O in controls). Furthermore, Figure 3 revealed similarly very lower secretion rate after 10 sessions
in both groups with no significant difference. Sputum
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transparence was the other parameter, which differed after the use of the machine in the case group (56% versus
44% in controls).
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Figure 1. Changes in auscultation in both groups
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Figure 3. Changes of secretion in both groups

Values are expressed as mean ± SD or %.
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Figure 2. Changes of peak cough flow in both groups

4. Discussion
The current study attempted to assess the effectiveness
of a device, which has been used for decades on respiratory
expectoration among patients, who were admitted to the
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ICU. Clinical and radiographic improvements were the outcome measures throughout the current trial. All of the participants in both groups, disregarding their diseases, had
problems with sputum discharge due to ineffective cough
mechanism and consequently experience respiratory secretion aggregation and stick. Cough assist ® acted perfectly in all users during the study in both clinical and radiographic improvement as separately confirmed by two
pulmonologists. Chest auscultation was also improved
based on final examinations by separate pulmonologists
with wide differences from controls. The difficulty in sputum repulse had the greatest improvement rate in cases
against controls and the changes in sputum transparence
as well as the peak cough flow showed rather large distance
when the two groups were compared.
Respiratory muscle strength is physiologically a must
for coughing and effective expectoration in humans, and
is obviously lost in neuromuscular disorders where pulmonary rehabilitation and airway clearance would be
helpful. These contain active and passive types and the mechanical in-exsufflator machine addresses the latter (20).
The named machine is one of the primary devices used to
support respiratory maintenance and has always been associated with lower morbidities and fewer hospital admissions (1). Another indication of the device is in types of
surgery that make physiological cough a challenge due to
increased intra-abdominal pressure and wound enhancement, while Miske et al. showed obvious damping in this
regard to finally consider the device safe through the postoperative period (21).
In 2015, Rafiq et al. published a trial, in which they
compared the effectiveness of mechanical in-exsufflator
(MIE) versus breath-stacking technique among 40 patients
with Amyotrophic Lateral Sclerosis (ALS). They followed
up their participants for 12 months or until death to re3
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Table 2. Clinical and Paraclinical Findings for the Participants Regarding the Groups
Control

Auscultation score
Sputum transparence
Peak cough flow

Before

After

3.5 ± 1.9

2.9 ± 1.6

3.0 ± 1.9

2.2 ± 1.7

Heart rate

34

40

35

56

0.02*

188 ± 104

195 ± 105

238 ± 111

0.04*

46
48 ± 11.1

31
33 ± 9.3

44 ± 10.1

33

0.03*
25 ± 8.7

39

< 0.001*
0.01*

68.2 ± 10.4

68.4 ± 10.5

69.3 ± 9.8

69.2 ± 9.9

1.00

97

97

98

98

1.00

Secretion

4.6 ± 2.5

3.3 ± 1.4

4.1 ± 2.1

2.5 ± 0.9

< 0.001*

PtcCo2

0.79 ± 0.1

0.81 ± 0.2

0.78 ± 0.2

0.80 ± 0.3

1.00

port higher rates of RTI yet lower chance of hospitalization
along with lower median survival in the group of mechanical device users. The days of quality of life (QoL) > 75% were
much more in the group, who used the breath-stacking
technique and the study finally recommended the breathstacking technique as a low cost first line approach for volume recruitment and cough augmentation in ALS in spite
of their low power of study, which is a predominant point
of any research by itself (22). This report received some
comments about the weak idea the authors raised in this
matter.
On the other hand, regarding the article that Prevost
et al. published in 2015, MIE seems to actually be deprived
in terms of clinical usage even in Canada (23) since it is not
widely available when asked 114 respiratory therapists of 62
hospitals across the state of Ontario. In addition, they revealed variations of applying the device, which would lead
to suboptimal therapy.
On average, pressures between 30 and 50 cmH2 O suffice for producing assisted cough in adult cases of neuromuscular disorders and this is in the range of pressure,
which MIE is able to provide (-/+ 60 cmH2 O). This is beside
a 0.02-second shifting time from positive to negative pressure by MIE that facilitates a strong cough with no more
abdominal pressure than usual. Because of some flexibility to change the applied facemask, MIE is perfectly able to
be used in individuals with tracheostomy as well (2).
To conclude, MIE deserves to be focused in a wide area
to allow surgery patients with impaired cough expectorate
and annoying secretions to use a perfect device with no serious complications like barotrauma, pneumothorax, cardiovascular consequences or even postoperative wound
dehiscence.
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